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Production of Cu-Mn-Al Heusler Alloy Wire by the In-Rotating-Water-Spinning
Process and Its Properties

Yoshiki Ono**, Itsuo Ohnaka*** and Isamu Yamauchi**

Thin Cu-Mn-Al Heusler alloy wires with the minimum diameter attainnable of 35pm
could be produced relatively easily by the In- Rotating- Water-Spinning Process (INROWASP).
This spinnability was due to the lack of reaction between the molten alloy and the quartz
nozzle and also due to the tight and thin oxide films of Al and Mn around the melt jet. Wires
about 130 wm in diameter were polycrystalline and brittle. As the wire diameter decreased,
some parts of the wire had only one grain across its cross section; wires with so called
“bamboo structure” were obtained, which were composed of many single-crystals elongated
to the wire axis. As the wire diameter became about 50 pm. the bamboo structure were
dominantly observed. It was possible for the wire with the bmboo structure to be bent 180°.
In most bamboo structure each single-crystal was found to be formed by the grain growth
radially, or in a fan-like fashion, from one end of the molten jet surface. The polycrystalline
wire also turned to the bamboo strucure by suitable heat treatments. The values of the
fracture stress and elongation of wires with the bamboo structure were scattered in the range
of 325-632 MPa and 3-20%, respectively. It suggested that the deformation behavior depended
on the number of single-crystal, its orientaion and the morphology of grain boundary inside
of a specimen length. The saturation magnetization was comparable to that obtained by O.
Heusler, but the electric resistivity and its temperature coefficient showed slightly different
values from the equated ones.

(Received March 23, 1987)
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Fig.1 SEM views of as-Cast CU5oMn25A125 wire
surface.
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Fig.2 3ERDEN % as-cast MIFROWEMHETH 5.
B Z 130 pm F2EE D MR (a) DI ZEERIETH 508,
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Fig.2 Optical micrographs of longitudinal sec-
tion of as-cast CuspMnysAly,s wire.

(a) polycrystallin structure. (b) partially bam-
boo structure. (¢c) bamboo structure.



® 8 5

WhW BRI E LN (b), BE50pmEEICLSE
ZIE I - TTRBEBOBZE SN (c). ThodE
ERTHAHEMAI Fig.2(c)DL DI v FF 4 MR
PEEERMICEEL TV AT &, BLUBBT S LI1F]
EDRBRICB O Tz EMSS IR D ekt L C—EH RICH
LT3 E(Fig.9(a) B ELSESHLNS.

BEENS LTOL EMIRABSHE T 2EHE LT
RDESBLENEZOND. £F, BERAROEEE
JEEZNE V2 v VENESVEE, Y=y PAKEERR
DOBIEEDEI/NS 3D, BEDZIZREG RICH -
FHERBICEDEVWSDEEZIONS. T IEESHVIZ
CUHREE A S W bBAHE UB <, Rk Lo Rl
FRicEBIcHEET 3 &bEZ 50590, APEOE
&3 Fig.2(c) DEEM D SR X 5 & 3 KB EICHK
ELTVAEVS D bBBESNERY = v P EREO—
WTHRFEEL, BREZEBERICEE LTV 25480%
Mot Fig.2(c) RREWBIMRBETH B 08CDKD
HBMEEL & EiIch sRIICEDBEIShEES A%
BMRMICER Lz b DD Fig.3 ThH 5. TOBEEDH%
HENZHD D SE0H, WFhicE LEWITHER & IKKE L
TVW3b06bD, BEREEENY = v M OFEITED
DUFIHICHREEL TOBE X5 THS. MBROEHS
BEFY E T4 bEREARETEEE T HRRNEVBEE
@R LT, ChEFRERBBBICE-TY 2y bO
WD DR L D8R 5 ) (T [a) & B RN &
KRR L7z0h, BREHBIIHRAR & KETTZ DK
HEBY v POEEE—BL, VbW E—HREE#EE
D—BFEIC AL L OIS TRV, H BV IEES
SRR EEEREF LDV Z ORAF A EISREIC—
HUBAROEEREERT 5 &0 5 Hilld k208
HiZSHROBEETH 5.

Fig.4 3 B RO ER 3 Migd 5 —EDOEE (0.04 mm?®)
DES VI LCHEL, TORERICERET B REEROH
HFHEDESBLUZOHE, BRICHLTToy b LE
bDTH5. ORI SEMICHREEL/NS S TTEBE
BRELBBERET S &, DL & SROHFETILAS
EAELTH, BREFEIH DELS THEREEE
BREL B BERDH 3 EMBHRESNE. KEENED
R DBABETEE L TO B0 00 570, SHREBE

nPRESNINL 222 N
wﬁ?@f
o AT TTT T [T o

Fig.3 Observed crystal growth direction of an
as-cast CussMnyAly wire.
B and C is followed B’ and C’,
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respectively.
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Fig.4 Relation between the grain length along
spinning direction, the number of grains in a
volume of 0.04 mm?® and the diameter of as-cast
wires.
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Fig.5 SEM view of an as-cast CusMnyAly,s wire
surface.
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Fig.6 Optical micrograph of a wire annealed at
1173 K for 10* s subsequently W.Q.
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Fig.7 Stress-elongation curves of as-cast Cug
Mngs;Alys wires.

Strain rate is 1.7x107*s7%.

The figures on the curves are the wire diameter.
The wire of 132 um is polycrystalline, and the
others are bamboo structure.

Fig.8 SEM views of as-cast CusMnyAlys wire.
(a) polycrystalline wire with brittle fracture
surface.

(b) fully ductile wire with bamboo structure.
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Fig.9 SEM in-situ observation of tensile deformation process of a CuspMngAly wire with

bamboo structure.

(a) slip band(elongated by 2%). (b) @ is the primary neck point(5%). (c) (6.5%). (d) @ is
the secondary neck point (12%). (e) fractured at elongation of 12.7%.

Fig.10 SEM view of fracture surface of as-cast CusMnyAly; wire with bamboo structure.

Grain boundary

 — ——
S1ip band J\)
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Fig.11 Observed fracture morphology(Ill) of a
wire with bamboo structure.
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Fig.12 Magnetic properties of (Cu,Mn;-,);Al

wires with bamboo structure at room tmpera-

ture.

O : Saturation magnetization.

A : Coercive force of as-cast wire.

A : Coercive force of as-annealed wire (1173 K
for 10*s W.Q.).

Broken line is saturation magnetization from

ref. (2, 14).
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Fig.13 The change in electric resistivity(o) of
CugMngsAly; wires with bamboo structure. Heat-
ing rate is 0.25 K - s7%.

Omax 1S the value at 993 K.
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Fig.14 Electric resistivity(p) and temperature

coefficient(TCR) of (Cu,Mn;-,);Al wire with

bamboo structure.

O : as-cast, @: annealed at 473K for 1.8x10%s
w.Q.,

A : annealed at 383 K for 2.0x10°s W.Q.

*« :ref.[17, 18].

: as-cast in ref.[2],

—-—: annealed at 383 K for 1.8x10%s in ref[2].
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